Chile peppers are one of the first crops domesticated in the Western Hemisphere about 10,000 BCE (Perry et al., 2007) . In fact, the Capsicum genus was so important to humans that when they came into contact with it, five different Capsicum species in separate regions of the Americas were independently domesticated. One possible reason for such an early domestication is that chile peppers are well known as medicinal plants by indigenous peoples (Cichewicz and Thorpe, 1996) .
The capsaicinoids, only found in the Capsicum genus, have the ability to elicit the sensation of a burning pain in mammals. The capsaicinoids are the most probable reason for the early adoption as a medicinal plant. The capsaicinoids have been traditionally used to relieve pain. The mechanism of action of capsaicinoids in mammals has been extensively studied over the past decade (Caterina et al., 2000) . The capsaicin (vanilloid) transient cation channel subfamily V member 1 (TrpV1) receptor is a cation channel expressed by primary sensory neurons of the ''pain'' pathway. It has been established that the capsaicinoids bind to the TrpV1 receptor signaling ''heat'' to the brain (Huang et al., 2013) .
The heat level of a chile pepper can be determined using chemical, instrumental, or sensorial methods (Wall and Bosland, 1998) . The Scoville organoleptic heat test is a subjective measure of chile pepper heat using human tasters (Scoville, 1912) . Today, the most reliable, rapid, and efficient method to identify and quantify capsaicinoids is high-performance liquid chromatography (HPLC); the results of which can be converted to Scoville heat units by multiplying the parts per million by 16 (Collins et al., 1995; Yao et al., 1994) .
In 2006, Bosland and Baral (2007) reported that ''Bhut Jolokia,'' a natural interspecific hybrid between Capsicum chinense and Capsicum frutescens grown in India, surpassed 1 million Scoville heat units. Later in 2012, the 'Scorpion' chile pepper from Trinidad had a heat level greater than 2 million Scoville heat units . Chile peppers with a heat level greater than 1 million Scoville heat units are now known in the vernacular as ''super-hots. '' In Capsicum the heat level is both a qualitative and a quantitative trait. The ability for the fruit to be hot or not can be inherited as a single dominant gene, Pun1 (Pungency) located on chromosome 2. A second gene for lack of heat in the fruit is described in C. chinense and is caused by the absence of vesicles on the placental tissue, Loss of Vesicles [Lov (Bosland and Votava, 2012) ]. The quantitative aspect of heat level is based on the concentration of capsaicinoids that accumulate in the vesicles on the placental walls . The recent sequencing of the Capsicum genome strongly suggests that capsaicinoid production originated through the evolution of new genes by unequal duplication of existing genes and owing to changes in gene expression in fruit after speciation (Kim et al., 2014) . Wide variation in capsaicinoid content has been introduced through domestication into cultivated species of chile peppers.
Our current understanding is that capsaicinoids are only synthesized in the epidermal cells on the interlocular septum (placenta) and are stored in elevated vesicles only on the surface of the placental tissue in a Capsicum fruit (AnconaEscalante et al., 2013; Keyhaninejad et al., 2014) . The interlocular septum defines the fruit locules and is derived from the tissue connecting the placenta to the pericarp (Esau, 1977; Iwai et al., 1979; Judd et al., 1999) . The epidermal cells of the interlocular septum have been implicated in capsaicinoid biosynthesis based on morphological changes during fruit development and the existence of osmiophilic granules in these cells (Furuya and Hashimoto, 1954; Ohta and Chuong, 1975; Suzuki and Iwai, 1984) . When the cellular structure of the placenta was examined using a light microscope , it was noted that distinctive morphological changes occurred in the placenta during the maturation. Epidermal protrusions or blisters arise from the lifting and splitting of the cuticle layer from the cell wall during the filling of subcuticular cavities with the oleoresin capsaicinoid (Rao and Paran, 2003; Rowland et al., 1983; Zamski et al., 1987) . Heat associated with seeds is due to the small amounts of capsaicinoids detected on the seeds due owing to surface contamination during dissection (Huffman et al., 1978) .
We report on the widespread distribution of vesicles on the entire pericarp to explain the exceedingly high Scoville heat units of the ''super-hot'' chile peppers.
Materials and Methods
Fruit of the cultivars Trinidad Moruga Scorpion, Trinidad Scorpion, Bhut Jolokia, Early Jalapeno, and Keystone bell pepper were all harvested at the horticulturally mature fruit stage and carefully dissected along the locular septa, exposing the locules. The pericarps lining the locules were carefully removed so the placental tissue would not be disturbed. The pericarp and placental tissues were then oven-dried separately from one another at 42°C until tissues were completely dry. After drying, the samples were ground according to the American Spice Trade Association method (ASTA, 1997). The capsaicinoid content in placenta and pericarp tissue of each selected fruit was evaluated. Capsaicinoids were quantified with HPLC according to the method reported by Collins et al. (1995) .
For the microscopic observations, three fruit pods of each cultivar were harvested. The distribution of oleoresin in capsaicinoid-containing vesicles on the pericarps and placentas was examined both with reflected white light from a ring lamp and by epifluorescence optics using a stereofluorescence microscope (model M165FC; Leica Microsystems, Buffalo Grove, IL), equipped with an external light source (model EL6000), for viewing fluorescence and a color charge-coupled device (CCD) camera (model DFC 310) for collecting digital images through the integrated application software. Vesicles associated with the placentas and septa of locules in pungent cultivars of chile peppers can be identified through the fluorescent properties of the capsaicinoids (Rao and Paran, 2003; Rowland et al., 1983; Zamski et al., 1987) . Typically, the oleoresin containing capsaicinoids fluoresces blue or green-yellow in the range of 530-600 nm when excited with violet or blue light or when measured in the emission spectrum mode using a confocal microscope (Cooke, personal observation). A green fluorescent protein 1 (gfp1) filter set was used to examine the tissues for oleoresin capsaicinoid fluorescence. When viewed with a gfp1 filter set, the vesicles on placentas and locular septa were uniquely fluorescent, except for a uniform and bright autofluorescence from the surfaces of the seeds. Hence we used the gfp1 filter set (ex = 425 nm, pass >480 nm) to visualize and measure the extent and distribution of capsaicinoid containing vesicles selectively and estimate the amounts of vesicular areas in the dissected fruit pods. Digital color images were converted and calibrated into gray level images, ''surface flattened,'' and threshold segmented by eye to match fluorescent areas using Fovea Pro 4 plug-ins (Reindeer Graphics, Asheville, NC) in a PhotoShop CS4 Extended graphics software program (Adobe Systems, San Jose, CA).
Results
Each of the ''super-hot'' cultivars tested had significant amounts of capsaicinoids in the pericarp samples as well as in the placenta samples from the dissected fruit pods, resulting in a Scoville heat unit rating for pericarp and placenta separately (Table 1) . 'Early Jalapeno', a hot Capsicum annuum jalapenotype chile pepper, had 0 Scoville heat units rating for the pericarp analysis, whereas the placental tissue had a positive Scoville heat units rating. The bell pepper, 'Keystone', with the genetic allele, pun-1, which is unable to produce the capsaicinoids, and known for not having any heat, had zero Scoville heat units ratings for both the pericarp and placenta.
Each of the ''super-hot'' cultivars observed with a stereofluorescence microscope showed individual vesicles containing capsaicinoids throughout the pericarp and placental tissues. With the gfp1 filter set, the vesicles were uniquely fluorescent ( Figs. 1 and 2) . The ''super-hot'' cultivars all had very large percentages of the pericarp covered with vesicles (i.e., 'Moruga Scorpion' $60%, 'Trinidad Scorpion' $54%, 'Bhut Jolokia' $43% in projected areas of about 200-500 mm 2 of pericarps), whereas the pericarps of 'Early Jalapeno' and 'Keystone' bell pepper had no detectable fluorescence, indicating no capsaicinoids were formed. In addition, 'Orange Habanero' fruit walls were examined, and no vesicles were seen (P. Cooke, personal observation).
Discussion
The heat, or burning sensation is an important and distinguishing chile pepper quality trait, and the most unique for chile peppers. Understanding how to regulate and increase the Scoville heat unit levels in chile peppers is of interest to food and industrial processing industries. In this study, it was determined by HPLC and auto-fluorescence, that the three ''super-hot'' cultivars, Trinidad Moruga Scorpion, Trinidad Scorpion, and Bhut Jolokia have very high levels of heat because all produce vesicles containing capsaicinoids on the entire pericarpal tissues in the fruit. This is the first report demonstrating that capsaicinoid producing vesicles are expressed on the pericarp tissue. ''Super-hot'' chile peppers are created by a novel phenotype and genotype that allows for capsaicinoid secreting vesicles to form on the pericarp tissue. These results will be important to plant breeders, food processors, and the capsaicinoid extraction industry.
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